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(54) Single core dual circuit heat exchange system 



(57) A system has an engine (24), a generator (28) 
driven by the engine (24) to generate a DC voltage, and 
an inverter (30) electrically coupled to the generator (28) 
to convert the DC voltage to an AC signal. The system 
also has a first heat exchange circuit (44) in heat ex- 
change relationship with the engine (24) to remove heat 
from the engine (24), and a second heat exchange cir- 
cuit (46) in heat exchange relationship with the inverter 



(30) to remove heat from the inverter (30). The system 
further has a single radiator (38) divided into first and 
second sections (40, 42), the first section (40) being 
substantially hydraulically isolated from fluid communi- 
cation with the second section (42). The first section (40) 
of the radiator (38) is in fluid communication with the first 
heat exchange circuit (44), and the second section (42) 
is in fluid communication with the second heat exchange 
circuit (46). 
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Description 

[0001] This invention is directed to a heat exchange 
system having a single core which is in fluid communi- 
cation with two heat exchange circuits, and in particular, 
to a heat exchange system having a single core which 
is in fluid communication with a first heat exchange cir- 
cuit in heat exchange relationship with an engine and a 
second heat exchange circuit in heat exchange relation- 
ship with an inverter. 

[0002] It is known in the art to have a vehicle, such as 
a bus, with a drive assembly powered by a traction mo- 
tor. It is also known in the art to combine an internal com- 
bustion engine with a generator to produce a DC voltage 
that is stored in a battery or batteries. The voltage of the 
DC battery or batteries is inverted by an inverter into an 
AC signal which is provided to the traction motor This 
arrangement allows the engine to constantly operate at 
its most efficient speed. 

[0003] The engine, the inverter and the traction motor 
all generate heat. It is therefore necessary to equip the 
vehicle with a heat exchange system to remove a sub- 
stantial portion of the heat generated by the engine, the 
inverter and the traction motor from the vehicle. 
[0004] One way in which tho hoat can be removod is 
by equipping the vehicle with a single core radiator and 
a single heat exchange circuit in fluid communication 
with the single core radiator and in heat exchange rela- 
tionship with the engine, the inverter and the traction 
motor. However, to protect the inverter, it is necessary 
to keep the operating temperature of the coolant in heat 
exchange relationship with the inverter relatively low, 
approximately 70 C. 

[0005] Given the low operating temperature required 
to protect the inverter, it would be necessary in such a 
system to reject a large amount of waste heat from the 
radiator at a relatively low temperature differential be- 
tween the coolant and the ambient air The size of a sin- 
gle core radiator required by the operating criterion de- 
scribed above would be probatively large when com- 
pared with the size of the vehicle on which the radiator 
would be mounted. 

^[0006]— -Aecording-to --an aspect^f^eHnA^tiOnT^-sys^^^ 
tern has an engine, a generator driven by the engine to 
generate a DC voltage, and an inverter electrically cou- 
pled to the generator to convert the DC voltage to an AC 
signal. The system also has afirst heat exchange circuit 
in heal exchange relaliohship wilh the engine to remove 
heat from the engine, and a second heat exchange cir- 
cuit in heat exchange relationship with the inverter to so 
remove heat from the inverter. The system further has 
a single radiator divided into first and second sections, 
tho first section being substantially hydraulically isolated 
from fluid communication with the second section. The 
first section of the radiator is in fluid communication with 5S 
the first heat exchange circuit, and the second section 
is in fluid communication with the second heat exchange 
circuit. 
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[0007] In a preferred embodiment, the inverter sup- 
plies AC power to a traction motor lor driving a vehicle. 
[0008] The first section of the radiator may have a first 
heat exchange zone and the second section of the ra- 
diator may have a second heat exchange zone, the first 
zone being larger than the second zone. 
[0009] Moreover, the first section of the radiator may 
have a first plurality of tubes through which. a coolant 
from the first heat exchange circuit may pass. The sec- 
ond section of the radiator may have a second plurality 
of tubes through which a coolant from the second heat 
exchange circuit may pass. The number of tubes in the 
first plurality of tubes may be greater than the number 
of tubes in the second plurality of tubes. In particular, 
the ratio of the number of tubes in the first plurality of 
tubes to the number of tubes in the second plurality of 
tubes may be about 6:1. 

[0010] Further, the radiator may have a first tank, a 
second tank, a first plurality of tubes in fluid communi- 
cation with the first and second tanks so that a coolant 
may pass between the first tank and the second tank 
through the first plurality of tubes and a second plurality 
of tubes in flu id communication with the first and second 
tanks so that a coolant may pass between the first tank 
and the second tank through the second plurality of 
tubes. The radiator may have first and second ports in 
fluid communication with the first tank in spaced relation 
to one another and first and second ports in fluid com- 
munication with the second tank in spaced relation to 
one another, two of the ports serving as inlets and two 
of the ports serving as outlets. One inlet and outlet may 
be in fluid communication with the first plurality of tubes 
and the first heat exchange circuit and the other inlet 
and outlet may be in fluid communication with the sec- 
ond plurality of tubes and the second heat exchange cir- 
cuit. The radiator may have a first baffle disposed in the 
first tank between the first and second ports therein to 
hydraulically isolate the first port therein from the second 
port therein and a second baffle disposed in the second 
tank between the first and second ports therein to hy- 
draulically isolate the first port therein from the second 
port therein to hydraulically isolate the first plurality of 
"tub^es ffbrfl the^econdptu 



tubes in the first plurality of tubes may be greater than 
the number of tubes in the second plurality of tubes. 
[0011] The first heat exchange circuit may have a first 
pump disposed between the engine and the port serving 
as the inlet between the radiator and the first heal ex- 
change circuit to circulate a coolant in the first heat ex- 
change circuit. The second heat exchange circuit may 
have a second pump disposed between the inverter and 
the port serving as the outlet between the radiator and 
the second heat exchange circuit to circulate a coolant 
in the second heat exchange circuit. 
[001 2] The system may include a traction motor elec- 
trically coupled to the inverter, and an air compressor 
driven by the engine. The first heat exchange circuit may 
be in heat exchange relationship with the traction motor 
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and the air compressor. The engine may be an internal 

combustion engine. . 

[0013] Embodiments of the invention are described 

below with reference to the accompanying drawings, in 

which: 

Fig. 1 is a block diagram of a heat exchange system 
according to the present invention having a radiator 
with a single core, the core in fluid communication 
with a first heat exchange circuit in heat exchange 
relationship with an engine and in fluid communica- 
tion with a second heat exchange circuit in heat ex- 
change relationship with an inverter; and 
Fig. 2 is a cross-sectional view of the radiator of Fig. 
1. 

[001 4] A vehicle 20 is shown in Fig. 1 . The vehicle 20 
has a chassis 22 which mounts an engine 24, an air 
compressor 26, a generator 28, a battery or battery as- 
sembly 29, an inverter 30, a traction molor 32 and a drive 
assembly 34. The engine 24, preferably a 230 horse- 
power diesel engine available under the T-444E trade- 
name from Navistar, drives the generator 28 to generate 
a DC voltage which is stored in the battery or battery 
assembly 29. The inverter 30 is electrically coupled to 
the battery or battery assembly 29 to invert the DC volt- 
age of the battery or battery assembly 29 into an AC 
signal. The AC signal from the inverter 30 is used to 
power the traction motor 32, which drives the drive as- 
sembly 34 to propel the vehicle 20. 
[001 5] The vehicle 20 also has a heat exchange sys- 
tem 36. The heat exchange system 36 includes a single 
core, single pass radiator 38 with first and second sec- 
tions 40, 42 which are hydraulically separated from each 
other as will be explained in greater detail below. The 
heat exchange system 36 also includes first and second 
heat exchange circuits 44, 46. The first heat exchange 
circuit 44 is connected to the first section 40 between a 
first port 48 and a second port 50 of the radiator 38. The 
first heat exchange circuit 44 is in heat exchange rela- 
tionship with the engine 24, the air compressor 26 and 
the traction motor 32 to cool each. The second heat ex- 
change circuit 46 is connected to the second section 42 
between a first port 52 and a second port 54 of the ra- 
diator 38. The second heat exchange circuit 46 is in heat 
exchange relationship with the inverter 30 to cool the 
same. 

[0016] With reference to Fig. 2, the radiator 38 has a 
first tank 56 and a second tank 58. The first ports or out- 
lets 48, 52 are formed in the first tank 56, while the sec- 
ond ports or inlets 50, 54 are formed in the second tank 
58. The first ports 48, 52 are spaced from each other 
along the length of tho first tank 56, and the second ports 
50, 54 are spaced from each other along the length of 
the second tank 58. 

[0017] A baffle 60 is disposed in the first tank 56 be- 
tween the first ports 48, 52. A similar baffle 62 is dis- 
posed in the second tank 58 between the second ports 



50, 54. The baffles 60, 62 are secured to the interior 
. . walls 64. 66 of the first and second tanks 56 5 58 to sub- 
stantially prevent the communication of fluid between 
the first ports 48, 52 in the first tank 56 and the second 

s ports 50. 54 in the second tank 58. That is, the baffles 
60, 62 provide hydraulic isolation between the ports 48, 
52 as well as between the ports 50, 54. The baffles 60, 
62 may be of any shape, but should preferably conform 
to the shape of the interior walls 64, 66. 

io [0018] The baffle 60 separates the first tank 56 into 
two first headers 68, 70. Similarly, the baffle 62 sepa- 
rates the second tank into two second headers 72, 74. 
[0019] A first plurality of tubes 76, which may be thin, 
flattubesof non-circular cross-sectbn, are disposed be- 

*5 tween the first header 68 and the second header 72. 
The tubes 76 are secured and sealed to the first header 
68 at ends 78 and the second header 72 at ends 80 such 
that fluid from the second header 72 may pass through 
the tubes 76 to the first header 68. The tubes 76 are 

20 connected to the respective headers on one side of the 
baffles 60, 62. The tubes 76 present a first heat ex- 
change zone for heat exchange between a coolant in 
the tubes and the ambient. 

[0020] A second plurality of tubes 82, which also may 

25 bo thin, flat tubes of non-circular cross-soction, are dis- 
posed between the first header 70 and the second head- 
er 74. The tubes 82 are secured and sealed to the first 
header 70 at ends 84 and the second header 74 at ends 
86 such that fluid from the second header 74 may pass 

30 through the tubes 82 to the first header 70. The tubes 
82 are connected to the respective headers on the side 
of the baffles 60, 62 opposite the tubes 76. The second 
plurality of tubes 82 presents a second heat exchange 
zone for heat exchange between a coolant in the tubes 

35 and the ambient. 

[0021] Because of the baffles 60, 62 in the first and 
second tanks 56, 58, substantially all of the fluid passing 
from the second header 72 to the first header 68 passes 
through the tubes 76, while substantially all of the fluid 

40 passing from the second header 74 to the first header 
70 passes through the tubes 82. 
[0022] As seen in Fig. 2, the number of tubes 76 is 
greater than the number of tubes 82. Stated slightly dif- 
ferently, the heat exchange zone of the first section 40 

45 is greater than the heat exchange zone of the second 
section 42. 

[0023] While the number of tubes 76, 82 in the first 
and second sections 40, 42 is dependent on the flow 
rate in the circuits 44, 46 necessary to optimize the heat 

so transfer, according to one embodiment of the present 
invention, there are 282 tubes in the first plurality of 
tubes 76, and 48 tubes in the second plurality of tubes 
82. Tho ratio of tho tubes 76 to tho tubos 82 is thus ap- 
proximately about 6:1 . 

ss [0024] The radiator 38 also includes air side fins 87 
which promote heat exchange between the tubes 76, 82 
and the cooling air flow. 

[0025] As shown in Fig. 1, the radiator 38 is in fluid 
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communication with the first heat exchange circuit 44 
which includes a traction motor heat exchange assem- 
bly 88, an engine jacket 90, an air compressor heat ex- 
changer 92. a pump 94, and conduits 96, 98, 100, 102, 
104, 106. The radiator 38 is also in fluid communication s 
with the second heat exchange circuit 46 which includes 
an inverter heat exchanger 108, a pump 110, and con- 
duits 11 2, 114, 116. Arrows 118, 120, 122, 124, 126, 128, 
1 30, 1 32, 1 34 show the direction of flow of first and sec- 
ond coolants through the first and second circuits 44, 46 io 
and the radiator 38. 

[0026] The first heat exchange circuit 44 is assembled 
as follows. The conduit 96 is attached at a first end 1 36 
to the first port 48 of the radiator 38, and at a second 
end 138 to an inlet 140 of the traction motor heat ex- is 

* 

changer assembly 88. The traction motor heat exchang- 
er assembly 88 preferably includes a first heat exchang- 
er in a direct heat exchange relationship with the traction 
motor 32 and using oil as the coolant, and a second heat 
exchanger wherein the oil is allowed lo reject heal into 20 
the coolant stream passing through the first heat ex- 
change circuit 44. 

[0027] The conduit 98 is attached at a first end 1 42 to 
an outlet 1 44 of the traction motor heat exchanger as- ! 
sembly 88, and at a second end 146 to an inlet 148 of 2s 
the engine jacket 90. 

[0028] The conduit 100 is attached at a first end 150 
to an outlet 1 52 of the engine jacket 90. The conduit 1 00 
is also attached at a second end 154 to an inlet 156 of 
the pump 94. - 30 
[0029] The conduits 1 02 and 1 04 are attached at first 
ends 158, 160 to an outlet 162 of the pump 94. The con- 
duit 1 02 is attached at a second end 1 64 to an inlet 1 66 
of the air compressor heat exchanger 92. The conduit 
1 04 is attached at a second end 1 68 to an inlet 50 of the 35 
radiator 38. 

[0030] The conduit 106 is attached at a first end 170 
to an outlet 172 of the air compressor heat exchanger 
92. The conduit 106 is also attached at a second end 
174 to the conduit 98. 40 
[0031] The second heat exchange circuit 46 is assem- 
bled as folbws. The conduit 112 is attached at a first 

^nd^7^to4hefirst^Qn>62^f4^e^diatOF38^^e^ndgi t 

112 is attached at a second end 178 to an inlet 180 of 
the pump 110. ~ 45 

[0032] The conduit 114 is attached at a first end 182 
to an outlet 1 84 of the pump 110. The conduit 1 1 4 is also 
attached al a second end 186 lo an inlet 188 of the in- 
verter heat exchanger 108. 

[0033] The conduit 116 is attached at a first end 1 90 so 
to an outlet 1 92 of the inverter heat exchanger 1 08. The 
conduit 1 1 6 is attached at a second end 1 94 to the sec- 
ond port 54 of the radiator 38. 

[0034] In operation, a first coolant would be circulated 
in the first circuit 44 as shown by arrows 11 8, 1 20, 1 22, ss 
124, 126, 128. The coolant leaves the radiator 38 
through the first port or outlet 48 of the first section 40 
of the radiator 38 in the direction of arrow 118. The cool- 



ant exits the radiator 38 at an approximate temperature 
of 91 C (195° F), with a flow rate of approximately 187 
kg/min (412 Ibs./min.). 

[0035] The coolant passes through the conduit 96 into 
the inlet 140 of the traction motor heat exchanger 88. 
The coolant absorbs approximately 1.14 Mj/min. (1081 
Btu/min.). as it passes through the traction motor heat 
exchanger 88. The coolant exits the traction motor heat 
exchanger 88 through the outlet 144 at a temperature 
of 91.7 C (197° F). 

[0036] The coolant then passes through the conduit 
98 in the direction of arrow 120. Before the coolant en- 
ters the engine jacket 90, it is combined with coolant 
which has passed through the air compressor heat ex- 
changer 92. The coolant exiting the air compressor heat 
exchanger 92 has an approximate temperature of 104 
C (220° F), with a flow rate of 9 kg/min (20 Ibs./min.). 
The coolant which passed through the air compressor 
heat exchanger 92 absorbed approximately 211 kj/min. 
(200 Blu/rnin.). As a consequence, the coolant entering 
the engine jacket 90 has a temperature of approximately 
92 C (198° F), with a flow rate of 196 kg/min. (432 lbs./ 
min.). 

[0037] The coolant passing through the engine jacket 
90 absorbs 5.34 Mj/min. (5060 Btu/min.). The coolant 
emptying from the engine jacket 90 through outlet 152 
into the conduit 1 00 does so at a temperature of approx- 
imately 99 C (210° F), with a flow rate of 196 kg/min. 
(432 Ibs./min ). Shortly after the coolant exits the pump 
94, the coolant divides into the conduits 102, 104, the 
conduit 102 returning to the air compressor heat ex- 
changer 92, and the conduit 1 04 returning to the second 
port or inlet 50 of the section of the radiator 38. 
[0038] The coolant entering the radiator 38 through 
the inlet 50 is at a temperature of approximately 99 C 
(210° F) and at a flow rate of 187 kg/min. (412 Ibs./min.). 
The first section 40 of the radiator 38 allows 6.67 Mj/ 
min. (6341 Btu/min.) to be rejected to the ambient envi- 
ronment (approximately 49 C (120° F)), thus lowering 
the temperature of the coolant to 91 C (1 95° F). 
[0039] In the second circuit 46, the coolant exits the 
first port or outlet 52 of the second section 42 of the ra- 
liatoFas^^emperattire^f^S^H^^^nd^t^ow 



rate of 30.5 kg/min. (67 Ibs./min.). The coolant passes 
through the inlet 188 into the Inverter heat exchanger 
108, wherein the coolant absorbs 51 0 kj/min. (484 Btu/ 
min.). This raises the temperature of the coolant exiting 
the inverter heal exchanger 108 at outlet 192 lo 67 C 
(1 53° F). The second section 42 of the radiator 38 allows 
510 kj/min. (484 Btu/min.) to be rejected to the ambient 
environment to return the temperature of the coolant to 
63 C (146° F). 

[0040] Thus, it is recognized that during operation, the 
temperature of the coolant circulating in the first circuit 
44 is approximately 27 C (49° F) higher than tempera- 
ture of the coolant circulating in the second circuit 46 at 
the outlets 48, 52 of the radiator 38, and approximately 
32 C (57° F) higher at the inlets 50, 54 ofthe radiator 38. 
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As a consequence, the heat exchange system 36 pro- 
vides for rejection of heat for the first circuit 44 in heat- 
exchange relationship with the engine 24 at a substan- 
tially higher temperature differential relative to the am- 
bient temperature than in the second circuit 46, while 
also allowing the coolant in the second circuit 46 to re- 
main at a substantially tower temperature to protect the 
inverter 30. 

[0041] While the first coolant has been shown flowing" 
through the first circuit 44 from the port 48 to the port 50 
and the second coolant flowing through the second cir- 
cuit 46 from the port 52 to the port 54, it is recognized 
that the flow of the coolants in either or both of the cir- 
cuits could be reversed. If the flow of one or both ol the 
coolants is reversed, then it may be necessary to 
change the position of the pumps 94. 110 relative to the 
ports so that the pump 94 remains connected between 
the outlet 1 52 of the engine jacket 90 and the lirsi circuit 
radiator inlet, and the pump 110 remains connected be- 
tween the second circuit radiator outlet and the inlet 1 88 
of the inverter heat exchanger 108. 
[0042] Still other aspects, objects and advantages of 
the present invention can be obtained from a study of 
the specification, the drawings, and the appended 
claims. 



Claims 

1 . A system comprising: 

an engine; 

a generator driven by the engine to generate a 
DC voltage; 

an inverter electrically coupled to the generator 
to convert the DC voltage to an AC signal; 
a first heat exchange circuit in heat exchange 
relationship with the- engine to remove heat 
from the engine; 

a second heat exchange circuit in heat ex- 
change relationship with the inverter to remove 
heat from the inverter; and 
a single radiator divided into first and second 
sections, the first section being substantially 
hydraulically isolated from fluid communication 
with the second section, 
.■" the first section being in fluid communication 
wilh the first heal exchange circuit, and 
the second section being in fluid communica- 
tion with the second heat exchange circuit. 

2. The system according to claim 1, wherein the first 
section of the radiator has a first hoat exchango 
zone and the second section of the radiator has a 
second heat exchange zone, the first zone being 
larger than the second zone. 

3. The system according to claim 1 , wherein: 
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the first section of the radiator has a first plural- 
ity of tubes through which a coolant from the 
first heat exchange circuit may pass; and 
the second section of the radiator has a second 
plurality of tubes through which a coolant from 
the second heat exchange circuit may pass, 
the number of tubes in the first plurality of tubes 
being greater than the number of tubes in the 
second plurality of tubes/- 

4. The system according to claim 3, wherein the ratio 
of the number of tubes in the first plurality of tubes 
to the number of tubes in the second plurality of 
tubes is about 6:1. 

5. The system according to claim 1 , wherein: 

the radiator has a first tank, a second tank, a 
first plurality of tubes in fluid communication 
with the first and second tanks so thai a coolant 
may pass between the first tank and the second 
tank through the first plurality of tubes and a 
second plurality of tubes in fluid communication 
with the first and second tanks so that a coolant 
may pass between the first tank and the second 
tank through the second plurality of tubes; 
the radiator has first and second ports in fluid 
communication with the first tank in spaced re- 
lation to one another and first and second ports 
in fluid communication with the second tank in 
spaced relation to one another, two of said ports 
serving as inlets and two of said ports serving 
as outlets; 

one inlet and outlet are in fluid communication 
with the first plurality of tubes and the first heat 
exchange circuit arid the other inlet and outlet 
are in fluid communication with the second plu- 
rality of tubes and the second heat exchange 
circuit; and 

the radiator has a first baffle disposed in the first 
tank between the first and second ports therein 
to hydraulically isolate the first port therein from 
the second port therein and a second baffle dis- 
posed in the second tank between the first and 
second ports therein to hydraulically isolate the 
first port therein from the second port therein to 
hydraulically isolate the first plurality of tubes 
from the second plurality of tubes. 



so 6. The system according to claim 5, wherein the 
number of tubes in the first plurality of tubes is great- 
er than the number of tubes in the second plurality 
of tubes. 

55 7. The system according to claim 5; wherein: 

the first heat exchange circuit comprises a first 
pump disposed between the engine and the 
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port serving as the inlet between the radiator 
and the first heat exchange circuit to circulate 
a coolant in the first heat exchange circuit; and 
the second heat exchange circuit comprises a 
second pump disposed between the inverter 
and the port serving as the outlet between the 
radiator and the second heat exchange circuit 
to circulate a coolant in the second heat ex- 
change circuit. 

8. The system according to claim 5, further comprising 
a first coolant in the first heat exchange circuit and 
a second coolant in the second heat exchange cir- 
cuit, the operating temperature of the first coolant 
in the first heat exchange circuit being greater than 
the operating temperature of the second coolant in 
the second heat exchange circuit. 

9. The system according to claim 5, further comprising 
a first coolanl in the first heat exchange circuit and 
a second coolant in the second heat exchange cir- 
cuit, the operating temperature of the first coolant 
at the port serving as the inlet between the radiator 
and first heat exchange circuit being greater than 
the operating temperature of the second coolant at 
the port serving as the inlet between the radiator 
and the second heat exchange circuit and the op- 
erating temperature of the first coolant at the port 
serving as the outlet between the radiator and the 
first heat exchange circuit being greater than the op- 
erating temperature of the second coolant at the 
port serving as the outlet between the radiator and 
the second heat exchange circuit. 

10. The system according to claim 1 , further compris- 
ing: 

a traction motor electrically coupled to the in- 
verter; and 

an air compressor driven by the engine; 
wherein the first heat exchange circuit is in heat 
: exchange relationship with the traction motor 
and^be^ai^cornpressor. 
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cally coupled to and driven by the traction motor 
to propel the vehicle; 

a first heat exchange circuit in heat exchange 
relationship with the engine to remove combus- 
tion heat from the engine; 
a second heat exchange circuit in heat ex- 
change relationship with the inverter to remove 
heat from the inverter, and 
a single radiator divided into first and second 
sections, the first section being substantially 
hydraulically isolated from fluid communication 
with the second section, 
the first section being in fluid communication 
with the first heat exchange circuit, and 
the second section being in fluid communica- 
tion with the second heat exchange circuit. 

13. The. vehicle according to claim 12, wherein: 

the radiator has a first lank, a second lank, a 
first plurality of tubes in fluid communication 
with the first and second tanks so that a coolant 
may pass between the first tank and the second 
tank through the first plurality of tubes and a 
second plurality of tubes in fluid communication 
with the first and second tanks so that a coolant 
may pass between the first tank and the second 
tank through the second plurality of tubes; 
the radiator has first and second ports in fluid 
communication with the first tank in spaced re- 
lation to one another and first and second ports 
in fluid communication with the second tank in 
spaced relation to one another, two of said ports 
serving as inlets and two of said ports serving 
as outlets; 

one inlet and outlet are in fluid communication 
with the first plurality of tubes and the first heat 
exchange circuit and the other inlet and outlet 
are in fluid communication with the second plu- 
rality of tubes and the second heat exchange 
circuit; and N 

the radiator has a first baffle disposed in the first 
te nk^befaveen^he-f^rst^and^seGond^ports^erein^ 



11; The system according to claim 1, wherein the en- 
gine is an internal combustion engine. 

12. A vehicle comprising: 

a chassis; 

an internal combustion engine on the chassis; 
a generator driven by the engine to generate a 
DC voltage; 

an inverter electrically coupled to the generator 
to convert the DC voltage to an AC signal; 
a traction motor electrically coupled to the in- 
verter; 

a drive assembly on the chassis and hydrauli- 



45 



so 



55 



to hydraulically isolate the first port therein from 
the second port therein and a second baffle dis- 
posed in the second tank between the first and 
second ports therein to hydraulically isolate the 
first port therein from the second port therein lo 
hydraulically isolate the first plurality of tubes 
from the second plurality of tubes. 

14. The vehicle according to claim 13, wherein the 
number of tubes in the first plurality of tubes is great- 
er than the number of tubes in the second plurality 
of tubes. 

15. The vehicle according to claim 13, wherein: 
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the first heat exchange circuit comprises a first 
: pump disposed between the engine and the 
port serving as the inlet between the radiator 
and the first heat exchange circuit to circulate 
a coolant in the first heat exchange circuit; and s 
the second heat exchange circuit comprises a 
second pump disposed between the inverter 
and the port serving as the outlet between the 
radiator and the second heat exchange circuit 
to circulate a coolant in the second heat ex- to 
change circuit. 

16. The vehicle according to claim 1 5, wherein the first 
heat exchange circuit additionally is in heat ex- 
change relationship with the traction motor. is 

1 7. The vehicle according to claim 1 2, further compris- 
ing a first coolant in the first heat exchange circuit 
and a second coolant in the second heat exchange 
circuit, the operating temperature of the first coolanl 20 
in the first heat exchange circuit being greater than 
the operating temperature of the second coolant in 
the second heat exchange circuit. 
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to convert the DC voltage to an AC signal. The system 
also has a first heat exchange circuit (44) in heat ex- 
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second sections (40, 42), the first section (40) being 
substantially hydraulically isolated from fluid communi- 
cation with the second section (42). The first section (40) 
of the radiator (38) is in fluid communication with the first 
heat exchange circuit (44), and the second section (42) 
is in fluid communication with the second heat exchange 
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